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ABSTRACT
Cashew yield in Brazil is considered as unstable due to the heterogeneity
of the orchards. With the availability of clonal seedlings of superior geno-
types and modernization of cultural practices, the national yield of cashew
nuts is expected to increase. This study aimed to evaluate the application
of controlled-release and foliar fertilizers on the production of the “CCP
06” rootstock and on the grafted seedling of “BRS 226” dwarf cashew. Two
complementary experiments were carried out at the Experimental Field of
Pacajus, belonging to Embrapa Agroindustria Tropical, located in the muni-
cipality of Pacajus-CE, Brazil. The first one relative to the production of the
“CCP 06” rootstock with application of a controlled-release fertilizer (CRF)
in the substrate at rate of 3.70 kg m3 or with spraying of foliar fertilizer
(FF) at rate of 2.5 g L1 at 30 days of sowing (DAS). In the second experi-
ment, relative to the production of grafted seedlings of “BRS 226” dwarf
cashew, treatments consisted in the application of CRF to the substrate at
sowing (CRF S); FF at 30 days after sowing (FF 30 DAS); CRF after grafting
(CRF AG), FF applied at 45 days after grafting the seedlings (FF 45 DAG);
and associations of CRF Sþ FF 45 DAG, and FF 30 DASþ FF 45 DAG.
The CRF applications after grafting, at sowing associated with FF 45 DAG
and FF 30 DASþ FF 45 DAG led to increase in the total dry matter of
the grafted seedlings of “BRS 226” dwarf cashew.
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Introduction
Native to Brazil, cashew (Anacardium occidentale L.) is grown on about 5.9 million hectares
worldwide and has a value of agricultural production of USD 3.4 billion (FAO 2019). In Brazil,
the mean yield in recent years is considered as low compared to that obtained by other producing
countries. One of the main causes is the high heterogeneity of the old orchards, which were
formed by seed-grown seedlings (not grafted). One alternative to reduce this problem is to
produce orchards with grafted (clonal) seedlings, which in addition to standardizing the growth
and yield of plants, causes them to start producing earlier (Vidal Neto et al. 2013). In Brazil, until
now, there are 14 superior cashew genotypes registered in the Ministry of Agriculture, Livestock
and Food Supply, including the genotypes “CCP 06,” recommended to be used as rootstock,
and the genotype “BRS 226,” recommended for the production of nuts in semiarid regions
(Serrano and Cavalcanti Junior 2016).
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Planting low-quality cashew seedlings cause orchards with low yield, high maintenance costs
and low agronomic and phytosanitary quality. Cultivation in new areas presents some obstacles
related to the production of seedlings, which need to be overcome, such as the availability of
good quality seeds and the obtaining of vigorous plants in the nurseries, because high rates of
plant death occur in the first year of cultivation (Araujo et al. 2009; Cavalcanti Junior 2013).
According to Serrano and Cavalcanti Junior (2016), superior genotypes of cashew trees are made
available through grafted seedlings, which are produced in a period between 105 and 165 days,
comprising the rootstock production stage (45–75 days) and the post-grafting stage (60–90 days).
Adequate nutrition is extremely important in the production of vigorous seedlings, making
them less susceptible to the attack of pests and diseases and tolerant to water stress periods,
among others, besides increasing fruit yield and quality in the orchards. Thus, fertilization
is an indispensable factor for the production of quality seedlings, as it accelerates their growth
and decreases their period of permanence in the nursery, leading to lower cost of production
(Mendonc¸a et al. 2007; Dias et al. 2012).
Controlled-release fertilizers provide nutrients to plants over time, reducing losses by leaching,
in addition to releasing the essential elements as plants need, favoring the production of high-
quality seedlings, which contributes to better commercialization. In the case of foliar fertilizers,
besides being applied at smaller rates, they promote immediate responses in the plants, facilitating
corrections of possible nutritional deficiencies (Esashika, Oliveira, and Moreira 2011).
Worldwide, studies on the use of controlled-release fertilizers in cashew crop are recent
(Serrano et al. 2013; Serrano, Melo, Martins, et al. 2015; Serrano, Melo, Hawerroth, et al. 2015),
while for foliar fertilization they are rare or non-existent. The necessity or not of applying
fertilizers, as well as the time to apply them, are still unknowns in the stage of production of
cashew seedlings.
It is inferred, as a hypothesis, that the production of more vigorous seedlings, reflected
in their adequate nutritional status and in their morphometric traits, assists in both decreasing
plant mortality in the post-planting stage in the field and increasing the yield of cashew nuts.
Thus, the present study aimed to evaluate the application of controlled-release and foliar
fertilizers at different times along the production of cashew seedlings.
Material and methods
The study was conducted at the Campo Experimental de Pacajus, belonging to Embrapa
Agroindustria Tropical, located in the municipality of Pacajus, Ceara State, Brazil (411026.6200 S
and 3829050.7800 W). Two complementary experiments were carried out under greenhouse
conditions, from January to June of 2017, the first one relative to the production of the “CCP 06”
rootstock and the second one relative to the production of grafted seedlings of “BRS 226”
dwarf cashew.
The first experiment was carried out in a completely randomized design with three treatments
and 24 replicates: control (without fertilizer), controlled-release fertilizer mixed with the substrate
(CRF S) and foliar fertilizer sprayed at 30 days after sowing (FF 30 DAS). The experimental unit
consisted of one plant, grown from seed-nut of the dwarf cashew clone “CCP 06.” Plastic tubes
with volumetric capacity of 288mL were previously filled with substrate consisting of vermiculite
(Agrinobre, Sinimbu, Brazil), dried and crushed Carnauba palm leaf fibers (locally known
as “bagana’) and hydromorphic soil, at proportion of 2:1:1. The tubes were placed on trays
(capacity of 54 tubes per tray), arranged on a suspended support, under full sunlight conditions.
The controlled-release fertilizer used was the BasacoteVR (Compo Expert GmbH, Munster,
Germany) NPK 13-06-16 (nutrient release rate of 3–4months), with the following chemical
composition: 13% N; 6% P2O5; 16% K2O; 2% Mg; 10% S; 0.02% B; 0.05% Cu; 0.26% Fe; 0.06%
Mn and 0.015% Mo (Compo Expert 2017). The applied rate was 3.70 kgm3, according to the
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recommendation of Serrano, Melo, Martins, et al. (2015), mixed with the substrate before filling
the tubes.
Foliar fertilizer was applied at 30 days after planting the nuts, using a backpack sprayer with
capacity for 5 L. The commercial product GreenleafVR (Biolchim S.p.A., Medicina, Italy) was
applied at 2.5 g L1, which is the concentration recommended by the manufacturer for fruits
crops in general, with the following composition guaranteed by the manufacturer: 20% N; 20%
P2O5; 20% K2O; 0.1% B; 0.05% Cu; 0.2% Fe; 0.1% Zn and 1.32% EDTA. Leaves were sprayed on
both adaxial and abaxial sides, and the procedure stopped when the solution dripped. The aver-
age quantity applied per tray was 350mL. To prevent the foliar fertilizer from being washed off
the leaves, sprinkler irrigation was not performed, and plants were protected from rainfalls in the
next 48 h after application.
Plant height, stem diameter and number of leaves were evaluated in 24 plants at 60 DAS.
Plant height was determined using a tape measure, from the collar to the apex of the apical bud,
whereas stem diameter was measured with a digital caliper (Starrett, Itu, Brazil), at 5 cm from the
substrate (grafting point). Then, plants were harvested and separated into shoots and roots, which
were washed and dried in an oven at 65 C until constant weight. After drying, the following
parameters were determined: leaf dry matter, stem dry matter, shoot dry matter (leavesþ stem),
root dry matter and total dry matter (shootsþ roots).
The second experiment was conducted under the same conditions as the first one, evaluating
the following treatments: T0: control (without fertilization); T1: controlled-release fertilizer applied
on the substrate after grafting the seedlings (CRF AG); T2: foliar fertilizer applied 30 days after
sowing (FF 30 DAS); T3: controlled-release fertilizer applied on the substrate after grafting the
seedlings (CRF AG); T4: foliar fertilizer applied 45 days after grafting the seedlings (FF 45 DAG);
T5: controlled-release fertilizer at sowingþ foliar fertilizer 45 days after grafting the seedlings
(CRF Sþ FF 45 DAG) and T6: foliar fertilizer 30 days after sowing and 45 days after grafting the
seedlings (FF 30 DASþ FF 45 DAG).
The controlled-release fertilizer, at rate of 3.70 kg m3, as recommended by Serrano, Melo,
Martins, et al. (2015), was mixed with the substrate before filling the tubes (T1 and T5) and
slightly incorporated to substrate surface after grafting (T3). The fertilizer used in this experiment
was the same used in the first experiment.
Foliar fertilization was applied 30 days after planting the nuts (T2 and T6) and 45 days after
grafting (T4; T5 and T6), using the commercial product Greenleaf
VR , at the rate recommended for
fruit crops in general, 2.5 g L1. The treatments T2 and T6 in the rootstock stage received 350mL
of solution per tray, whereas T4, T5, and T6 in the stage of grafted seedlings received 240mL per
tray. The difference in the volume applied is due to the development of leaves in the period of
application, with larger leaf area in the rootstock production stage, compared to the stage after
grafting. The same caution described in the first experiment, regarding the form of fertilizer
application and the ways to avoid its losses by washing from the leaves, was taken in the
second experiment.
Plants of the “CCP 06” rootstock were grafted at 60 days after sowing by side cleft (Serrano
and Cavalcanti Junior 2016), with scion of the clone “BRS 226.” After grafting, the seedlings were
kept in a screened nursery for 45 days and, after this period; they were transferred to beds under
full sunlight.
At 190 DAS, equivalent to 130 DAG, evaluations of plant height, stem diameter and number
of leaves were carried out as in the first experiment. After that, the values of dry matter of leaves,
stem, roots and total were obtained.
Leaf samples from plants of the “CCP 06” rootstock and grafted seedlings of “BRS 226” were
ground in Wiley-type mill and subjected to sulfuric acid digestion to determine N and nitric-
perchloric digestion to determine P, K, Ca, Mg, S, Cu, Fe, Mn and Zn. Incineration in a muffle
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furnace was also performed to determine B. All the methodology was carried out according to
Carmo et al. (2000).
The obtained data were subjected to analysis of variance using the statistical program SisvarVR
(Ferreira 2010). Means obtained by plants of the “CCP 06” rootstock (first experiment) were
compared by Tukey test, whereas means obtained by grafted seedlings of “BRS 226” were
compared by Scott-Knott test, both at 0.05 probability level.
Results and discussion
Application of controlled-release and foliar fertilizers did not result in increase of plant height or
number of leaves in the cashew rootstock “CCP 06,” compared to the control treatment
(Table 1). For stem diameter, the controlled-release fertilizer caused reduction, compared to the
control treatment, but without affecting the minimum standard for grafting recommended by
Cavalcanti Junior (2013). Similar results were also found by Serrano et al. (2013), who applied up
to 14 kg m3 of the formulation 14-14-14 in conventional and HS CitrosVR substrates.
Leaf dry matter, shoot dry matter and total dry matter were not influenced by the application
of controlled-release and foliar fertilizers in the “CCP 06” rootstock, but stem dry matter
decreased by 22% and 17% and root dry matter decreased by 22% and 10%, respectively
(Table 1). Serrano et al. (2013) observed that application of 3.50 kg m3 of the fertilizer formula-
tion 14-14-14 reduced the stem dry matter of the dwarf cashew rootstock “CCP 06” by 33%,
compared to the control treatment. The reductions caused by the controlled-release fertilizer in
these variables were possibly due to the alteration occurred in the substrate, resulting in increased
electrical conductivity or nutritional imbalance, which hampered the absorption of water and
nutrients by plants. Increments in substrate electrical conductivity due to fertilization have been
reported by some authors (Ximenes 1995; Lima et al. 2001). Carneiro et al. (2004) observed reduc-
tion in the root dry matter of five dwarf cashew rootstocks as irrigation water salinity increased.
Although the controlled-release fertilizer did not enhance the development of the cashew
rootstock “CCP 06,” the seedlings reached ideal standards required for grafting. Two hypotheses
can explain the lack of response of the cashew rootstock to the application of controlled-release
fertilizer: the first one is that the substrates used in the production of the rootstock had adequate
concentrations of nutrients for the growth of plants at this stage; and the second one is that
the nutrients present in the cotyledons (reserve tissues) of the nuts are sufficient for the initial
development of cashew plants (Serrano et al. 2013). Ximenes (1995) observed that the requirement
for nutrients at the initial stage of cashew seedlings is met by the cotyledons and root system and,
from 45days on, period in which cotyledon reserves are depleted, nutrients are only provided
through the absorption by roots.
Application of controlled-release fertilizer at sowing (CRF S) increased the contents of N, P, K,
Mg, S and Mn in leaves of “CCP 06” cashew seedlings, compared to the control (Table 2).
Table 1. Biometric characteristics and dry matter production of “CCP 06” cashew rootstock, 60 days after sowing.
Treatments
PH (cm) SD (mm) NL LDM StDM ShDM RDM TDM
(g per plant)
Control 32.51 a 5.84 a 11.44 a 2.27 a 2.07 a 4.34 a 1.39 a 5.73 a
CRF S 31.13 a 5.48 b 11.63 a 2.48 a 1.61 b 4.09 a 1.08 b 5.18 a
FF 30 DAS 31.20 a 5.61 ab 11.83 a 2.20 a 1.71 b 3.91 a 1.25 ab 5.17 a
Means 31.62 5.64 11.63 2.31 1.80 4.11 1.24 5.36
CV (%) 15.16 8.03 11.68 19.81 21.56 19.39 21.44 17.30
PH: plant height; SD: stem diameter; NL: number of leaves; LDM: leaf dry matter; StDM: stem dry matter; ShDM: shoot dry
matter; RDM: root dry matter and TDM: total dry matter. CRF S: controlled-release fertilizer at sowing; FF 30 DAS: foliar
fertilizer at 30 days after sowing.Means followed by the same letter do not differ statistically by Tukey’s test at p¼ 0.05.
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Among the fertilizers, plants which received the controlled-release fertilizer at sowing (CRF S)
showed higher contents of N, P, K, S and Mn, in comparison with those under foliar fertilization
at 30 days after sowing (FF 30 DAS), indicating preference of the dwarf cashew “CCP 06” for
absorption of these nutrients through the roots, compared to the leaves. Nutrient absorption by
the leaves depends on several factors such as number of stomata, quantity of wax and cutin
in the leaves, and leaf age (Malavolta 2006).
On the other hand, plants that did not receive fertilizers showed higher Fe content than
fertilized plants. For plants receiving controlled-release fertilizer (CRF), the competition between
Mn and Fe justifies the result because Mn has greater mobility, which may have contributed to
the displacement of Fe from the absorption sites of the roots, favoring higher absorption of Mn
(Dechen and Nachtigall 2006).
In the second experiment, application of foliar fertilizer 30 days after sowing (FF 30 DAS) and
45 days after grafting (FF 45 DAG) led to the lowest mean heights: 18.90 cm and 19.30 cm
respectively (Table 3). Plants that received controlled-release fertilizer, either exclusively at sowing
(CRF S), associated with foliar fertilizer (CRF Sþ FF 45 DAG) or after grafting (CRF AG) showed
similar heights to those in the control treatment. Serrano, Melo, Martins, et al. (2015) observed
that rates up to 8.0 kg m3 of the fertilizer formulation 13-06-16, applied at sowing, led to
increase in the height of “BRS 226” seedlings, but these were produced on the rootstocks
“Embrapa 51” and “BRS 275.” These results demonstrate that there is a difference of response to
fertilization among genotypes (clones or varieties) within the same cashew species.
Controlled-release fertilizer applied at sowing (CRF S), associated with foliar fertilization
45 days after grafting (CRF Sþ FF 45 DAG) and foliar fertilization 30 days after sowing (FF 30
DAS) led to the lowest means of stem diameter. It is worth pointing out that the reduction in
stem diameter (Table 1), caused by both controlled-release and foliar fertilizers, still in the root-
stock production stage, continued after grafting. Plants which received only foliar fertilizer in the
rootstock production stage (FF 30 DAS) showed lower stem diameter compared to the control;
however, re-application 45 days after grafting (FF 30 DASþ FF 45 DAG) led to seedlings similar
to the non-fertilized ones.
The number of leaves in grafted seedlings of “BRS 226” dwarf cashew was influenced by
fertilization. Application of controlled-release fertilizer at sowing (CRF S) or associated with
foliar fertilization (CRFþ FF 45 DAG) increased the number of leaves compared to the other
treatments (Table 3). Serrano, Melo, Martins, et al. (2015) and Serrano, Melo, Hawerroth, et al.
(2015) also observed an increment in the number of leaves using the controlled-release fertilizer
formulations 13-06-16 and 16-08-12 of in grafted seedlings “BRS 226” and “CCP 76.”
Using controlled-release fertilizer, both at sowing (CRF S and CRF Sþ FF 45 DAG) and after
grafting (CRF AG) and foliar fertilizer 30 days after sowing, as well as the reapplication 45 days
after grafting (FF 30 DAS þ 45 DAG), increased the leaf dry matter of grafted seedlings of “BRS
226,” compared to non-fertilized plants. Increments in the leaf dry matter of coffee plants in
response to the application of OsmocoteVR fertilizer at rate of 15.28 kgm3 have also been
reported (Marana et al. 2008).
Table 2. Macronutrient and micronutrient contents in “CCP 06” leaves, as affected by controlled-release and foliar fertilizers.
Treatments
N P K Ca Mg S Cu Fe Zn Mn B
(g kg1) (mg kg1)
Control 13.4 b 1.4 b 13.4 b 2.5 a 2.4 b 0.9 b 5 a 63 a 16 a 89 b 21 a
CRF S 18.9 a 1.9 a 16.5 a 2.7 a 2.8 a 1.3 a 5 a 47 b 16 a 143 a 30 a
FF 30 DAS 14.6 b 1.5 b 13.5 b 2.6 a 2.6 ab 1.0 b 5 a 35 b 16 a 90 b 22 a
CV (%) 8.58 8.66 8.57 8.36 8.39 19.44 13.86 26.58 25.68 18.66 30.74
CRF S: controlled-release fertilizer at sowing; FF 30 DAS: foliar fertilizer at 30 days after sowing.Means followed by the same letter in the columns do not differ statistically by Tukey’s test at p¼ 0.05.
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There was an increase of stem dry matter in grafted seedlings, compared to the control, with
the application of controlled-release fertilizer after grafting (CRF AG) and foliar fertilizer 30 days
after sowing and repeated 45 days after grafting (FF 30 DAS þ 45 DAG). It should be pointed
out that the treatments which received controlled-release fertilizer at sowing (CRF S and CRF
Sþ FF 45 DAG) and foliar fertilizer 30 days after sowing (FF 30 DAS), which had produced less
stem dry matter than the control treatment in the production of the rootstock, in this stage
(grafted seedlings) did not differ from non-fertilized plants.
In addition to the application of controlled-release fertilizer after grafting (CRF AG) and the
foliar fertilization performed 30 days after sowing and repeated 45 days after grafting (FF 30 DAS
þ 45 DAG), the use of controlled-release fertilizer at sowing, associated with foliar fertilization
45 days after grafting (CRF Sþ FF 45 DAG), also caused increase in shoot dry matter, compared
to the control treatment.
As observed for stem diameter, the fertilization performed still in the rootstock production stage
continued to influence root dry matter after grafting, since the application of controlled-release fer-
tilizer at sowing (CRF S) and foliar fertilizer 30days after sowing (FF 30 DAS) caused lower values
than those found in the control treatment. On the other hand, the association of these treatments
with foliar fertilization at 45days after grafting (CRF Sþ 45 DAG and FF 30 DAS þ 45 DAG) did
not result in a difference in root dry matter compared to non-fertilized plants.
Total dry matter is one of the most important variables in the evaluation of seedling quality
(Binotto, Lucio, and Lopes 2010; Eloy et al. 2013). Applications of controlled-release fertilizer at
sowing, associated with foliar fertilization 45 days after grafting (CRF Sþ FF 45 DAG), or only
after grafting (CRF AG), as well as foliar fertilization performed at 30 DAS and 45 DAG, were
the treatments which led to highest total dry matter accumulation in the grafted seedlings
of “BRS 226” dwarf cashew.
Application of controlled-release fertilizer at sowing (CRF S) caused reduction in the stem diam-
eter, stem dry matter and root dry matter of grafted seedlings of “BRS 226”; however, it did not
hamper their total dry matter. On the other hand, when this fertilizer was applied after grafting
(CRF AG), the values of plant height, stem diameter, number of leaves and root dry matter did not
differ from those of the control treatment, indicating that the increment of soluble salts in the sub-
strate was not limiting at this development stage. Instead, the fertilizer caused increase in leaf dry
matter, stem dry matter, shoot dry matter, and total dry matter. The production of new roots
explains the adaptation of cashew seedlings to the increase of electrical conductivity in the substrate
due to the application of controlled-release fertilizer after grafting. It has been known that the
Table 3. Biometric characteristics and dry matter production of “BRS 226” grafted dwarf cashew seedlings, 130 days after
grafting (190 days after sowing), as affected by controlled-release and foliar fertilizers.
Treatments PH (cm) SD (mm) NL
LDM StDM ShDM RDM TDM
(g per plant)
Control 19.85 a 6.69 a 5.00 b 0.57 b 2.86 b 3.43 b 1.51 a 4.95 b
CRF S 19.85 a 5.99 b 5.70 a 0.72 a 2.56 b 3.29 b 1.38 b 4.67 b
FF 30 DAS 18.90 b 6.35 b 5.15 b 0.48 b 2.56 b 3.04 b 1.17 b 4.22 c
CRF AG 19.70 a 6.82 a 5.15 b 0.76 a 3.15 a 3.91 a 1.54 a 5.46 a
FF 45 DAG 19.30 b 6.81 a 4.45 b 0.52 b 2.77 b 3.30 b 1.36 b 4.67 b
CRF Sþ FF 45 DAG 19.90 a 6.17 b 6.10 a 0.85 a 2.83 b 3.69 a 1.69 a 5.38 a
FF 30 DASþ FF 45 DAG 19.95 a 6.90 a 4.90 b 0.75 a 3.10 a 3.84 a 1.69 a 5.54 a
Means 19.64 6.54 5.18 0.66 2.83 3.50 1.48 4.98
CV (%) 5.97 13.25 18.99 22.01 19.68 17.58 19.92 14.57
PH: plant height; SD: stem diameter; NL: number of leaves; LDM: leaf dry matter; StDM: stem dry matter; ShDM: shoot dry
matter; RDM: root dry matter and TDM: total dry matter. CRF S: controlled-release fertilizer at sowing; FF 30 DAS: foliar fertil-
izer at 30 days after sowing; CRF AG: controlled-release fertilizer after grafting the seedlings; FF 45 DAG: foliar fertilizer
45 days after grafting the seedlings; CRF Sþ FF 45 DAG: controlled-release fertilizer at sowingþ foliar fertilizer 45 days after
grafting the seedlings; FF 30 DASþ FF 45 DAG: foliar fertilizer 30 days after sowing and 45 days after grafting the seedlings.Means followed by the same letter in the columns do not differ statistically by Scott-Knott’s test at p¼ 0.05.
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youngest regions of the root are more efficient in absorbing nutrients because a young root system
has higher influx, due to lower suberization, compared to old roots (Zonta et al. 2006).
In the application of the fertilizer through the substrate (CRF S), the total dry matter produc-
tion was higher than that caused by foliar fertilization (FF 30 DAS), which may be explained by
the preference for absorbing nutrients through the root system, compared to the leaves. Nutrient
absorption by leaf surface and other aerial parts is severely restricted by the external wall of
epidermal cells and by the overlying cuticle (Marschner 2012), justifying the lower absorption of
the fertilizer applied through the leaves.
The treatments did not influence the contents of K, Ca, Mg, Cu and B in the leaves of grafted
seedlings of “BRS 226” (Table 4) and, with some exceptions, plants that received controlled-
release and foliar fertilizers showed higher contents of N, P, S, Fe and Mn than non-fertilized
plants. The use of controlled-release fertilizer at any stage in the production of grafted seedlings
of dwarf cashew (CRF S; CRF AG and CRF Sþ FF 45 DAG) caused increase in the contents of
N, P and S, compared to non-fertilized plants.
Lower contents of N and S were observed in the treatment (FF 30 DASþ FF 45 DAG) and the
opposite for Mn content in the treatment (FF 30 DAS), compared to the other treatments with the
fertilizers. The first result indicates an effect of dilution of these nutrients in the leaves, resulting
from the greater development of the seedlings and production of total dry matter in response to
fertilization, and the second one indicates an effect of concentration of the nutrient due to lower
development of the plants and lower dry matter production (Table 2) (Zan~ao Junior et al. 2010).
The results of the present study showed that, in the stage of production of the “CCP 06”
rootstock, there is no need to apply fertilizers. However, in the post-grafting stage, application of
controlled-release fertilizer increases N, P and S contents in the leaves, in addition to increasing
the total dry matter of the “BRS 226” dwarf cashew seedlings. It is worth highlighting that
the application of controlled-release fertilizer after grafting (CRF AG) may be a more expensive
process due to the greater operational difficulty and time required for its application. Thus, we
recommend mixing the controlled-release fertilizer to the substrate prior to sowing associated
with foliar fertilization 45 days after grafting (CRF Sþ FF 45 DAG); or foliar fertilizer applications
at 30 days after sowing and at 45 days after grafting (FF 30 DASþ FF 45 DAG).
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Table 4. Macronutrient and micronutrient contents in “BRS 226” leaves of grafted dwarf cashew seedlings, as affected by con-
trolled-release and foliar fertilizers.
Treatments N P K Ca Mg S Cu Fe Zn Mn B
(g kg1) (mg kg1)
Control 9.6 c 1.3 c 14.5 a 3.8 a 3.6 a 0.6 b 75 a 76 a 17 a 184 b 10 a
CRF S 11.9 a 2.8 a 15.7 a 3.8 a 3.1 a 0.8 a 73 a 80 a 16 a 155 c 11 a
FF 30 DAS 10.6 b 1.4 c 16.4 a 3.4 a 3.2 a 0.7 a 56 a 75 a 17 a 225 a 10 a
CRF AG 12.1 a 1.9 b 16.1 a 3.7 a 2.9 a 0.7 a 67 a 46 b 13 b 178 b 12 a
FF 45 DAG 10.6 b 1.3 c 16.9 a 3.8 a 3.3 a 0.6 b 82 a 56 b 11 b 170 b 10 a
CRF Sþ FF 45 DAG 11.4 a 1.9 b 16.9 a 3.3 a 3.4 a 0.7 a 69 a 38 b 10 b 149 c 12 a
FF 30 DASþ FF 45 DAG 9.8 c 1.1 c 16.0 a 3.6 a 2.9 a 0.5 b 67 a 32 b 11 b 185 b 10 a
CV (%) 6.67 18.45 11.46 10.58 13.92 18.09 30.33 23.82 26.52 13.59 21.79
CRF S: controlled-release fertilizer at sowing; FF 30 DAS: foliar fertilizer at 30 days after sowing; CRF AG: controlled-release fer-
tilizer after grafting the seedlings; FF 45 DAG: foliar fertilizer 45 days after grafting the seedlings; CRF Sþ FF 45 DAG: con-
trolled-release fertilizer at sowingþ foliar fertilizer 45 days after grafting the seedlings; FF 30 DASþ FF 45 DAG: foliar
fertilizer 30 days after sowing and 45 days after grafting the seedlings.Means followed by the same letter in the columns do not differ statistically by Scott-Knott’s test at p¼ 0.05.
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